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during the First 72 Hours of Life
Abstract
Renal blood flow velocity (RBFV) was studied with two­
dimensional/pulsed Doppler ultrasound in 28 non-distressed 
very preterm infants (mean ± SD gestational age was 27.3 ±
2.1 weeks and birth weight 907 ± 214 g) at 6, 12, 24, 36, 48, 
and 72 h of age. Mean arterial blood pressure (MABP), 
PaCC>2 , PaC>2 , and Hct were determined simultaneously. 
Mean RBFV increased significantly from 14.5 ± 1 . 9  cm/s at 
6 h to 20.2 ±  2.5 cm/s at 72 h (p < 0.005). MABP decreased 
slightly though significantly between 6 h (36.5 ± 1.8 mm Hg) 
and 12 h (34.3 ± 1 . 5  mm Hg), but rose thereafter to signifi­
cantly higher values at 72 h (41.4 ± 1.3 mm Hg). Renal vascu­
lar resistance (RVR = MABP/RBFV) decreased rapidly during 
the first day of life (2.6 ±  0.1 mm Hg/cm-s-1 at 6 h vs. 2.0 ± 
0.05 mm Hg/cm-s-1 at 24 h). In conclusion, RBFV increases 
whereas RVR decreases during the first days of life.
Introduction
Urine output depends on renal perfusion, 
glomerular filtration, renal tubular function, 
and urinary tract anatomy. Preterm as well as 
term infants produce less urine during the first 
days of life than during the remainder of the 
neonatal period. Animal studies suggest that 
renal hemodynamics follow a pattern of 
change that is determined by biological signals 
other than the functional demands imposed at
birth [1]. The development of renal blood flow 
during the first days of life in preterm human 
infants has not been studied. Pulsed Doppler 
ultrasonography has been applied to estimate 
renal blood flow by measuring mean blood 
flow velocity in the renal arteries (RBFV) in 
preterm and term neonates [2-4] as well as in 
older children [5]. The aim of this study was to 
measure RBFV with pulsed Doppler ultrason­
ography in non-distressed very preterm in­
fants during the first 72 h of life.
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Methods
Thirty-one appro priate-for-date preterm infants of 
less than 32 weeks of gestation were initially enrolled 
in the study after informed parental consent had been 
obtained. The study was approved by the Bioethics 
Committee of the hospital. All infants were born in the 
Department of Obstetrics and admitted immediately 
after birth to the Neonatal Intensive Care Unit of the 
University Hospital Leiden. None of the infants suf­
fered from birth asphyxia (defined as Apgar score at 
5 min of <7 and/or umbilical cord pH of <7.10), rospi" 
ratory distress syndrome, pneumonia, septicemia, a 
hcmodynamically important patent ductus arteriosus 
(diagnosed by Doppler echocardiography before the 
RBFV measurements), congenital heart defect, and/or 
extreme weight loss (> 15 % of birth weight) during the 
first week of life. As part of the routine clinical care of 
infants of less than 30 weeks gestational age, an endo­
tracheal tube is placed at birth and mechanical ventila­
tion continued as long as a tendency towards apnea is 
observed during the weaning process. Infants receiving 
vasoactive drugs (e.g. dopamine) or volume expanders 
were excluded from the study. Three infants were sec­
ondarily excluded from the study due to violation of 
the enrollment criteria. All 3 developed a heniodynam- 
ically important patent ductus arteriosus. The infants 
were nursed in Draeger type 8000 incubators (Draeger 
AG, Lübeck, Germany). The humidity in the incuba­
tors was kept at approximately 80 %> and the tempera­
ture was maintained according to the guidelines de­
scribed by Hey and Scopes [6]. The fluid intake of the 
infants was 60, 80, and 100 ml/kg on days 1, 2, and 3, 
respectively. All infants had an indwelling umbilical 
artery catheter in situ with its tip between L3 and L4.
RBFV was determined as previously described [3]. 
The infants were lying in a supine position. All infants 
were awake though quiet during the examinations. The 
blood How velocity in the right renal artery was mea­
sured with two-dimensional, pulsed Doppler ultrason­
ography (Ultramark 4, Advanced Technology Labora­
tories, Inc., Bothell, Wash., USA). The transducer, 
with a 7.5-MHz imaging system and a 5-MH& Doppler 
crystal, was positioned below the costal margin in the 
dorsolateral area of the right Hank. The sample volume 
of the Doppler system was set at 1.5 mm, and a 100-11z 
high-pass filter was used to reduce the noise of the 
arterial wall. The sample volume was placed in the rel­
atively straight proximal course of the right renal 
artery, 3-5 mm from the right side of the wall of the 
aorta. The artery was thus in son a ted in an almost 
orthograde direction (0-25°). Peak systolic, end dia­
stolic, and temporal mean (RBFV) flow velocities were
calculated from five sequential cardiac cycles of opti­
mal quality. RBFV measurements were performed at 
6,12, 24, 36,48, and 72 h of age.
Just prior to the Doppler studies, blood samples 
were drawn from the umbilical artery for arterial oxy­
gen pressure (PaC>2), carbon dioxide pressure (PaCC^), 
and hematocrit (Met) measurements. Simultaneous 
with the RBFV measurements mean arterial blood 
pressure (MABP) from an indwelling umbilical artery 
catheter was determined. Urine production was re­
corded continuously during the whole study period.
Analysis of variance for repeated measurements 
was used to analyze differences in RBFV, MABP, renal 
vascular resistance (RVR = MABP/RBFV; in mm Hg/ 
cni'S"1)» PaCCh, Pa02, Hct, and urine output during 
the study period, followed by the Studcnt-Newman- 
Keuls test when a significant difference was found. 
Ninety-five percent confidence limits of RBFV, 
MABP, RVR, PaC02, PaCh, and Hct were calculated 
by the statistical package (StatVicw, Abacus Concepts 
Inc., Berkeley, Calif., USA). Regression analysis was 
performed to study the relationship between MABP, 
PaCOz, PaC>2, and Hct, respectively, and RBFV. Mul­
tiple regression analysis with MABP, PaCOa, PaCh, 
and Hct as independent variables was carried out to 
detect the most predictive factor for RBFV. A p value 
of <0.05 was considered to be statistically significant,
Results
The final study population of 28 preterm 
infants had a mean gestational age of 27.3 ±
2.1 (± SD) weeks (range 26-32) and a birth 
weight of 907 ± 214 g (range 620-1,470). The 
mean umbilical cord pH was 7.29 ± 0.07 
(range 7.20-7.40) and the median Apgar score 
at 5 min was 9 (range 7-10). Six infants were 
born by cesarean section and 6 infants were 
born vaginally in breech position. All other 
infants were bom vaginally in a cephalic posi­
tion. Twenty-two infants had to be ventilated 
during the study period because of apnea. The 
ven tilator settings could be kept very low in all 
cases (mean airway pressure <5.0 cm H2O).
Figure 1 displays the mean values of 
RBFV, MABP, and RVR during the first 72 h 
of life. RBFV and MABP increased signifi­
cantly (F ratio 3.9, p < 0.005, and F ratio 4.7,
347
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Fig, 1. Mean ± 95% confi­
dence limits of mean renal blood 
How velocity (RBFV), mean arteri­
al blood pressure (MABP), and re­
nal vascular resistance (RVR) dur­
ing the study period. ü p < 0.05 vs. 
6 h of age; b p < 0.05 vs. 12 h of 
age.
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Table 1. Multiple regression analysis with mean 
renal blood flow velocity (RBFV) as dependent vari­
able
F ratio p
MABP 33.90 0.0000
PaC02 5.19 0.025
P a0 2 0.00 0.99
1-Ict 0.18 0.67
p < 0.001 respectively), while RVR decreased 
significantly (F ratio 4.9, p < 0.0005). The 
increase in RBFV occurred primarily during 
the first 12 h of life. From 12 h of age onwards 
RBFV was significantly higher than at 6 h. 
RBFV values did not differ significantly be­
tween 12 and 72 h. MABP decreased slightly 
though significantly between 6 and 12 h of 
age, but increased gradually thereafter until 
the age of 72 h. MABP values at 36, 48, and 
72 h were significantly higher than at 6 and 
12 h of age. No differences between the 36- 
and 72-hour values were observed. RVR was 
high at 6 h of age and decreased rapidly. From 
12 h of age onwards RVR values were signifi­
cantly lower than at 6 h. The RVR values at 
36, 48, and 72 h were, however, significantly 
higher than at 12 h.
Figure 2 shows the mean values of PaC02, 
PaC>2 , and Hct during the study period. 
PaCC>2 and PaC>2 remained within normal 
limits, whereas Hct values decreased signifi­
cantly during the first 3 days of life (F ratio
3.0, P< 0.002).
Mean urine output was significantly higher 
(p < 0,001 on days 2 and 3 (3.7 ± 0.2 and 3.4 
±  0.3 ml/kg/h, respectively) than on day 1 
(2.0 ± 0.2 ml/kg/h). The mean percentage 
weight loss (daily weight compared to birth 
weight) was greater (p < 0.02) on days 2 and 3 
(7.6 ±0 . 8  and 7.2 ±  1.0%, respectively) than 
on day 1 (4.1 ±  0.8%).
Multiple regression analysis, with RBFV as 
the dependent variable and MABP, PaC02, 
PaC>2 , and Hct as independent variables, re­
vealed that MABP was the most predictive 
variable for RBFV (table 1).
Discussion
Two-dimensional pulsed Doppler provides 
a tool to measure blood flow velocity in the 
renal arteries under a sharp angle [2]. Reliable 
identification of the renal arteries is possible 
because they are the only two arteries to 
branch off pairwise in the upper abdominal 
aorta and to have a characteristic flow veloci­
ty pattern throughout the diastolic phase. Ac­
tual renal blood flow, however, cannot be 
measured with this technique because it is not 
sensitive enough to measure the diameter of 
the renal artery accurately. But in vitro and 
animal studies have shown that, under var­
ious conditions, RBFV correlates well with 
renal blood flow [7, 8],
MABP Decreased slightly between 6 and 
12 h of age. This decline might be caused by a 
rapid fall in the systemic vascular resistance, 
which is not yet fully compensated by an 
increase in left ventricular output [9]. Shunt­
ing of blood through a hemodynamically im­
portant patent ductus arteriosus, which may 
lead to a lower MABP, was excluded in all 
cases. The subsequent gradual increase in 
MABP is similar to observations by others 
[10]. The increase in RBFV during the first 
day of life is in accordance with blood flow 
velocity patterns found in other organs, such 
as the brain [11, 12]. This phenomenon is 
probably caused by the decline in RVR as well 
as by the redistribution of cardiac output to 
the kidneys [13]. In the first 12 h of life only 
4-6% of the cardiac output is distributed to 
the kidneys, while this percentage increases to 
8-10% during the first week of life. Animal
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studies have demonstrated that the site of 
high RVR is localized mainly at the afferent 
arterioles [14]. The decline in RVR after 6 h 
of age is likely to be related to the generalized 
fall in systemic vascular resistance during the 
first day of life [8]. If the decrease in RVR is 
considered to be the cause of the increase in 
RBFV, this might indicate an intact renal
Changes in fluid intake have not affected 
the changes in RBFV during the first day of 
life, because all infants received a constant 
intravenous fluid infusion of 2.5 ml/kg/h 
(60 ml/kg/day) from birth until 24 h of age.
Control of basal renal blood flow may be 
affected by other factors as well. The renin- 
angiotensin system and prostaglandins do not 
seem to play a significant role in preterm 
infants [13]. The effect of factors, such as the 
kallikrein-kinin system, arginine vasopressin, 
and adenosine receptors, has yet to be deter­
mined [13]. Atrial natriuretic factor appeared
natal renal vasculature [15].
In conclusion, RBFV increases whereas 
RVR decreases during the first day of life in 
non-distressed very preterm infants.
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